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This thesis describes two processes for regeneration
of free disaccharides from three disaccharide tosylhydra-
zones and the characterization of the free disaccharide
derivatives. The first regeneration process involves the
use of benzaldehyde. The second process utilizes
p-nitrobenzaldehyde.
Characterization of the regenerated disaccharides
and their derivatives was achieved by using methods such
as specific rotation, chromatographic techniques, melting
points, elemental quantitative analysis and infrared
spectroscopy.
Optimum chromatographic procedures for separation of
three nitrogenous disaccharide derivatives in a synthetic
mixture were developed and applied.
ACKNOWLEDGEMENTS
I would like to extend my special appreciation to
Dr. A. Spriggs, my Research Advisor, for his guidance and
patience with me throughout my research endeavor and to
the faculty of the Chemistry Department of Atlanta Uni¬
versity. I would also like to pay tribute to






LIST OF TABLES iv
LIST OF FIGURES v
INTRODUCTION 1
RESULTS AND DISCUSSION 7
EXPERIMENTAL 26
Preparation of Tosylhydrazide 26
Preparation of Disaccharide Tosylhydrazone
Derivatives 26
Regeneration of Free Disaccharide 26
Polarimetry 27
Preparation of Column 27
Thin Layer Chromatography of Tosyl Derivatives ... 28
Preparation of Benzaldehyde Tosylhydrazone 29
Preparation of p-Nitrobenzaldehyde
Tosylhydrazone 29







1. Melting Points and Percentage Yields of
Regenerated Sugars 9
2. Melting Points and Percentage Yields of
Tosyl Derivatives 11
3. Specific Rotation Readings 13
4. Rf Values of Tosyl Derivatives (UMC) 15
5. Elemental Analysis of Tosylhydrazones 23
6. Infrared Spectroscopy Results 24






3. Preparation of p-Toluenesulfonylhydrazone .... 7
4. Preparation of Disaccharide Derivative 8
5. Regeneration with Benzaldehyde 10
6. Regeneration with p-Nitrobenzaldehyde 10
7. Graph of Cellobiose Toslyhydrazone 19
8. Graph of Lactose Tosylhydrazone 20
9. Graph of Maltose Tosylhydrazone 21
10. Graph of Mixture of Tosylhydrazone 22
V
INTRODUCTION
The polymerization of monosaccharides to form
disaccharides is still not a well-understood, predictable
process. Synthesis of polysaccharides of a desired stereo¬
chemical structure likewise is not an easily achieved goal.
The synthesis of oligosaccharides of a known stereochemical
structure, as well as the synthesis of characterizable
derivatives of those disaccharides, can be used to study
this polymerization process. Depolymerization of oligo¬
saccharides occuring in natural and synthetic mixtures yields
simpler sugar units. Qualitative and quantitative identifi¬
cation and estimation of these units may be used to elucidate
the polymeric structure.
This research proposes to; (A) By using various
disaccharides, synthesize and characterize the
p-toluenesulfonylhydrazones, (B) Accomplish and/or refine
methods by which the free disaccharides can be regenerated
from these stable derivatives, and (C) Study the effective¬
ness of and/or devise procedures and parameters necessary
for thin layer column and column separation of disaccharide
mixtures and disaccharide derivatives.
Previous work of this nature has been performed by





derivatives of representative monosaccharides and
disaccharides. These particular derivatives were studied
because of their stability and ease of characterization,
qualities which make them useful for the future study of
the separation of oligosaccharides of polymeric mixtures.
Future studies of the process by which monosaccharides
undergo polymerization condensation to form higher
saccharides of oligosaccharides will/should include the
synthesis of labelled carbohydrates which will allow
for isotope dilution analysis techniques to be employed in
conjunction with chromatographic techniques. The develop¬
ment of suitable chromatographic procedures and regenera¬
tion procedures in this work provides for utilization of
the isotope dilution technique as a quantitative method.
Carbohydrates can be defined as polyhydroxy aldehydes,
ketones or larger molecules that produce such compounds
upon hydrolysis. They have the empirical formula Cjj(H20)y.
Many carbohydrates are categorized according to the number
of molecular units characteristic of that compound. The
simplest class is that of the monosaccharide, which
consists of single chains of carbon atoms; the most common
being five and six carbon atoms, although three, four,
seven, and eight carbon chains are known. Monosaccharides
cannot be hydrolyzed into simpler units under mild
conditions without rupturing a carbon-carbon bond.
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Secondly, there are the oligosaccharides composed of
monosaccharide units linked together in branched or
unbranched chains. These are divided into disaccharides,
trisaccharides, etc., depending upon the number of mono¬
saccharide units produced upon mild acid hydrolysis.
Finally, there are the polysaccharides, which are
classified as nutrients and are divided into subclasses.
The first class is homopolysaccharides, which are composed
of many units of only one monosaccharide. The second class
of heteropolysaccharides are composed of several different
o
monosaccharide units.
The work described in this thesis is concerned with
oligosaccharides, m.ore precisely disaccharides. The most
prevalent ones are dihexoses with the formula
They are usually sweet-tasting, crystalline water-soluble
substances, that are easily hydrolyzed by enzymes and
dilute mineral acids into two monosaccharide units. These
are called glycosides, in which the aglycone is a second
sugar molecule linked to the glycosidic hydroxyl group of
the first disaccharide molecule. Any one of the hydroxyl
groups of the second group may be involved in the linkage.
However, if it is a group other than the glycosidic hydroxyl,
then the disaccharide will be a reducing disaccharide
(Fig. 1) and will exhibit mutarotation, form osazones and
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be reduced by Benedict's solution. The configuration may
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be a or 3 at the anomeric center due to the linkage of the
two glycoside units. If the glycosidic hydroxyl groups of
both components are involved in the linkage, then a non¬
reducing disaccharide (Fig. 2) is formed. These compounds
are not reduced by Benedict's or Fehling's solutions, they
do not mutarotate or form osazones. Since either of the
anomeric centers can be a or 3, then four possibilities
arise for dissimilar monosaccharide units and three
possibilities if the units are the same. The sugar units
of the disaccharide may be pyranoid or furanoid, thus giving






Reducing disaccharides may be named as glycosylaldoses




disaccharides may be named glycosylaldosides (or glyco-
sylketosides). Sucrose would be either 3-D-fructofuranosyl-
a-D-glucopyranoside or a-D-glucopyranosyl-3-D-fructo-
furanoside.^
The anomeric glycosides result from treatment of
pentoses or hexoses with alcohol and acid. The free
hydroxyl groups of carbohydrates can be completely acetylated
or methylated, which is a procedure used to help determine
the position of free hydroxyl groups and the nature of the
ring. After determining whether the disaccharide is
reducing or nonreducing, chromatographic separation and
identification procedures can then be carried out.
The data compiled in this thesis are concerned with
two processes for regeneration of the free disaccharide
from stable crystalline derivatives, and characterization
of these derivatives. The tosylhydrazone derivatives were
studied because of their stability and ease of characteri¬
zation. In the first procedure, benzaldehyde was used.
A comparative study was performed to determine which of
the two procedures would be most convenient and reproducible
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in regenerating the free disaccharide.
Several methods were employed in the characterization
of these disaccharides and their derivatives. They
included specific rotations, melting points, infrared
spectroscopy and chromatography. The chromatographic
methods used were thin layer, using the principle of
unidimensional multiple chromatography (UMC) and column
chromatography. The UMC method was proposed by Jeans,
Wise and Dimler"^ on paper chromatography. It involves the
multiple ascending development of a substance in the same
solvent to a predetermined height. The UMC method aids in
stimulating solvent travel which greatly increases and/or
improves separation.
RESULTS AND DISCUSSION
Three disaccharide carbohydrates were employed for
this work; (1) cellobiose, a reducing disaccharide which
is hydrolyzed by dilute mineral acid to two moles of
D-glucose, (2) lactose, also a reducing disaccharide,
which can be hydrolyzed by dilute mineral acid to give
one mole of D-galactose and one mole of D-glucose, and
(3) maltose, a reducing disaccharide, which is hydrolyzed
by dilute mineral acid to yield two moles of D-glucose.
These disaccharides were then derivatized.
Derivatization was achieved by utilizing p-toluene-
sulfonylhydrazide (tosylhydrazide). The tosylhydrazide
derivative was synthesized from p-toluenesulfonylchloride
and hydrazine as shown below.
S02NIEC-I2 +
Fig, 3. Preparation of p-Toluenesulfonylhydrazone.
The tosylhydrazide I was then reacted with the disaccharide
cellobiose,for example, to give the disaccharide derivative.
7
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Cellobiose tosylhydrazine, 11, was formed as follows;
ai20H H CH
+ H2O
Fig. 4. Preparation of Disaccharide Derivative.
Similarly, maltose and lactose tosylliydrazones were
synthesized. Recrystallization of the crude material
from water gave colorless needle-like crystals. Melting
points and percentage yields are listed in Table 1.
The regeneration processes studied were concerned with
different reagents for obtaining the free disaccharides.
The first procedure uses benzaldehyde and the second
procedure utilizes p-nitrobenzaldehyde. Reaction schemes
are shown in Figures 5 and 6.
9
Table 1. Melting Points and Percentage Yields of
Regenerated Sugars.





Cellobiose Stock 239-240 224-225
Lactose Stock 201-202 202-203
Maltose Stock 101-102 102-103
Regen Cellobiose 1 80.08 223-224
Regen Cellobiose 2 71.54 198-200 (dec)
Regen Cellobiose 4 73.88 24 3-245
Regen Lactose 1 79.75 174-175
Regen Lactose 2 78.17 201-201 (dec)
Regen Lactose 3 75.99 174-175 (dec)
Regen Maltose 1 75.52 101-102
Regen Maltose 2 74.39 114-115 (dec)
Regen Maltose 3 71.55 108-110 (dec)
1 - Benzaldehyde Regenerated
2 - p-Nitrobenzaldehyde Regenerated
3 - Benzaldehyde Regenerated and Extracted
4 - p-Nitrobenzaldehyde Regenerated and Extracted
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Fig. 5. Regeneration with Benzaldehyde.
Fig. 6. Regeneration with p-Nitrobenzaldehyde.
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In order to confirm the identity of the benzaldehyde
tosylhydrazone and the p-nitrobenzaldehyde tosylhydrazone
obtained in the regeneration process, authentic samples
were prepared. Their melting points are recorded in
Table 2. They were both needle-like. The p-nitrobenzal-
dehyde tosylhydrazones were yellow in color, whereas the
benzaldehyde tosylhydrazones were colorless. Similarly,
melting points of the disaccharide tosylhydrazones were
compared with previously prepared authentic samples, which
coincided with that of literature values and mixed melting
points.
Table 2. Melting Points and Percentage Yields of Tosyl
Derivatives.
Determined Literature
Tosyl Derivatives % Yield MpC> MpO
Tosylhydrazide 89.35 98-100
Cellobiose
Tosylhydrazone 76.04 144-146 146-148
Lactose
Tosylhydrazone 74.08 143-145 146-148
Maltose






Complete separation of the p-nitrobenzaldehyde
tosylhydrazone from the free disaccharide was not always
obtained in the regeneration process. This was observed
for both the extracted and the non-extracted solutions.
Thus, two different means were utilized for separation:
(a) once the solids had crystallized out (the free
disaccharide and the p-nitrobenzaldehyde tosylhydrazone)
they were rinsed in ethanol to remove the excess
p-nitrobenzaldehyde tosylhydrazone although some of the
free disaccharide was also removed. Alternately, (b) the
mixture of crystals was dissolved in distilled water in
which the p-nitrobenzaldehyde tosylhydrazone was insoluble.
The solution was then filtered, leaving behind only the
water soluble free disaccharide. It was then crystallized,
by evaporating the water solution with a stream of air to
a small volume followed by cooling in the refrigerator. This
procedure turned out to be the best avenue for obtaining the
completely free disaccharide.
Polarimetry was used to determine the specific rotation
of each regenerated disaccharide and of the pure commercial
disaccharides. These optical readings were also compared
5
to reported data from published references and journals.
Two readings were taken, one directly after each solution
was prepared and one 24 hours later. This was done because of
mutarotation of the disaccharides. The optical rotation
13
readings are listed in Table 3.








Cellobiose 14.2->24.6 20.5->33.9 0.06
Lactose 85.0->57.6 77.94-50.5 0.07
Maltose 111. 7->130. 4 105.44128.8 0.12
Cellobiose 1 25.8>36.9 0.06
Cellobiose 2 39.4-^32.5 0.06
Cellobiose 4 25.55->29.72 0.06
Lactose 1 71.6:>51.19 0.07
Lactose 3 72.3->52.6 0.07
Maltose 1 120.83^108.33 0.03
Maltose 1 103.33->141.25 0.08
1 - Benzaldehyde regenerated
2 - p-Nitrobenzaldehyde regenerated
3 - Benzaldehyde regenerated and extracted
4 - p-Nitrobenzaldehyde regenerated and extracted
a
Readings are from regenerated disaccharide.
^Data taken from Frederick J. Bates, Polarimetry,
Saccharimetry and the Sugars. U. S. Government
Circular C440 (Washington, D. C., 1942, pp. 710-742).
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In addition to polarimetry, chromatographic methods
were also utilized for characterization and identification.
Three methods of chromatography were used: paper, thin
layer, and column. Paper chromatography seemed to be of
no significant benefit due to streaking and was therefore
discarded. Thus, thin layer and column chromatography
were used for the tosyl derivatives and the free regenerated
sugars. Unidimensional multiple chromatography (UMC) was
performed on the tosylhydrazones and on the regenerated
disaccharides.
The three tosyl derivatives under investigation were
dissolved in chloroform and dioxane to determine which of
the tv/o was the better solvent for spotting. Dioxane proved
to be the better spotting solvent. The solvent system used,
taken from Dhrent and DeRooy,® was benzene and petroleum
ether (boiling range 60 - 100°, [2:1]). In addition (3:1)
and (3:2) mixtures of this solvent system were used. Other
7
solvent systems tried were taken from Bigler £t ,
8 1
Anderson £t ^. , and Davis.
The thin layer chromatography work of Dhrent and
6
DeRooy was modified for our purposes in calculating Rf
values. The Rf values of thetosyl derivatives are listed
in Table 4. Unlike the 2,4-dinitrophenyl hydrazones
studied by Dhrent and DeRooy, which showed visible color
changes, the tosyl derivatives were colorless. To
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determine the distance traveled .by the derivative, a short
wavelength 254nm UV-lamp was employed, which afforded a
visible means of detection of the rate of travel.
Fluorescent silica gel thin layer sheets were used. The
sheets could be activated for use or used inactivated. No
apparent difference was noticed between activated or
inactivated sheets. The best chromatographic separations
can be obtained by letting the solvent stay in the container
overnight before using, thus obtaining a saturated atmos¬
phere in the container.
Table 4. Rf Values of Tosyl Derivatives (UMC)
Tosyl Number of Rf Values UMC (Benzene/
Derivatives Developments Petroleum Ether)
1—1CM 3:2 3:1
Cellobiose
Tosylhydrazone 1 0.04 0.00 0.00
2 0.18 0.06 0.06
3 0.21 0.06 0.06
Maltose
Tosylhydrazone 1 0.07 0.00 0.07
2 0.09 0.04 0.13
3 0.10 0.04 0.13
Lactose
Tosylhydrazone 1 0.06 0.00 0.00
2 0.05 0.06 0.00
3 0.07 0.08 0.06
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The column chromatography work was achieved by using
benzene-petroleum ether (2:1). The column work was
performed after the values from thin layer chromatography
were obtained. The Rf values from thin layer chromatography
showed initially that maltose tosylhydrazone had the
highest Rf value, lactose tosylhydrazone had the second
highest value, and cellobiose tosylhydrazone had the third
highest value. Thus, by using the column, one would expect
the maltose tosyl derivative to come off first, the lactose
tosyl derivative second, and the cellobiose tosyl deriva¬
tive third, since the column work was descending chromato¬
graphy, whereas the thin layer work was ascending.
However, the UMC method, after three developments, shows
cellobiose tosylhydrazone having the highest Rf value,
maltose tosylhydrazone second, and lactose tosylhydrazone
third.
A standard was run on each of the three tosyl deriva¬
tives in order to have a guide to help predict the behavior
of each derivative on the column. The three derivatives
were placed on 15cm columns and eluted with 20ml of solvent
(benzene and petroleum ether [2:l]). One hour and twenty
minutes was required for complete elution of each deriva¬
tive. Each derivative showed individual characteristics
of its own in coming off the column. For example, the lac¬
tose tosylhydrazone derivative showed a two phase liquid
collection. The cellobiose tosylhydrazone derivative was
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in droplet form and the maltose tosylhydrazone was a milky
white.
The lactose tosyl derivative started to be eluted after
three minutes of collection in fraction 6, whereas the bulk
of the derivative was in fractions 7,8, and 9. The cello-
biose tosyl derivative started to elute after three-and-one-
half minutes in fraction 7, but the bulk of it was in
fractions 8,9, and 10. The maltose tosyl derivative appeared
first in fraction 9, with the bulk appearing in fractions 10,
11, and 12. After the derivatives were collected in the
individual flasks, the solvent was evaporated off and cool
ethanol was poured in for the purpose of inducing crystal¬
lization. (Only solvent was present in each bottle numbering
less than and greater than those that the sample appeared in.)
The melting point of each derivative was taken and was
slightly different from those listed in the chart. At the
same temperature, cellobiose decomposed instead of melting.
The three derivatives were very apparent in coming off the
column and were collected at five minute intervals in pre¬
weighed flasks.
The mixture of the tosylhydrazones from the silica gel
column chromatography was treated in the same way as was the
individual tosylhydrazone chromatography. On the collection
of these derivatives, only a small portion of lactose
tosylhydrazone, maltose tosylhydrazone and cellobiose
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tosylhydrazone was collected separately. There was a
mixture of each tosylhydrazone collected. Melting
points were taken for each derivative as shown in
Table 1. Cool ethanol was poured into the flask for
recrystallization of the crystals. As previously stated,
for the individual run, each derivative showed its own
characteristic feature in coming off the column from the
mixture. Lactose was eluted in fractions 5 through 7.
A mixture was then detected for fractions 3 through 9.
Only cellobiose tosylhydrazone was in fractions 10 and
11. A mixture again appeared in fractions 12 and 13.
Pure maltose tosylhydrazone was in fractions 14 and 15.
Figures 7-10 show the behavior pattern of each
tosylhydrazone coming off the column separately, and as
a mixture. About 30 ml of solvent was used for the elution
mixture on the column, whereas 20 ml was used for each
individual tosylhydrazone chromatography.
Quantitative organic microanalysis was performed on
laboratory samples. Results are shown in Table 5.
Infrared spectral data was also obtained for the tosyl¬
hydrazone derivatives. Findings are listed in Table 6.
Thin layer chromatography was performed on the three
regenerated disaccharides. Data obtained in selecting the
Q
correct solvent system was taken from Anderson and Sroddari.°
The regenerated disaccharides were dissolved in
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Fig. 7. Graph of Cellobiose Tosylhydrazone.





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Elution Volume (ml)
Fig. 8. Graph of Lactose TosyIhydrazone.
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Fig, 9. Graph of Maltose Tosylhydrazone.
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Fig. 10. Graph of Mixture of Tosylhydrazone.
(Solvent: Benzene-Petroleum Ether [2:l])
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C, 44.72; H, 5.87;
N, 5.48; S, 6.28
Found Ci9H3oO]^2N2S:
C, 44.62; H, 5.67
S, 6.48; N, 5.50
D-Lactose tosyl- Anal. Calcd. for Found C19H30O12N2S
hydrazone
‘^19'^^30^12^^2^ c, 44 .38; H, 5.76
C, 44.72; II, 5.87; N, 5. 81; S, 6.57
N, 5.48; S, 6.28
D-Cellobiose Anal. Calcd. for Found C2gH2Q0^2N2S:
C19II30O12N2S C, 45.02; H, 5.97;
C, 44.72; H, 5.87; N, 5.32; S, 5.98
N, 5.48; S, 6.28
*Quantitative organic microanalyses performed by
Galbraith Laboratories, Knoxville, Tennessee.
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Table 6. Infrared Spectroscopy Results.
Tosylhydrazones Readings
Cellobiose tosylhydrazone (S,OH-Stretching) 3600-3650 cm ^
Lactose tosylhydrazone
(M,NH Stretching) 3200 cm“^
Maltose tosylhydrazone
(M,C=N Stretching) 1590 cm“^
(M,C=CAr Stretching) 1480 cm“^
(S,S02N- Stretching) 1180 cm“l
Table 7 shows the Rf values. The use of the UV-lamp was not
necessary for the regenerated disaccharides. Visible detec¬
tion with aniline phthalate reagent was applicable.
The solvent system used was butanol-acetone-water
(4:5:1) mixture. The fluorescent silica gel thin layer
sheets were also used activated and inactivated. Again, no
significant difference was noticed. The unidimensional
multiple chromatography method was used because it stimu¬
lated solvent travel, thus increasing the distance traveled
by each regenerated disaccharide. This procedure would have
separated any other substance from the regenerated disac¬
charide and/or given a better indication of travel separation
by each regenerated disaccharide.
25









Cellobiose 1 1 0.16 0.16 0.17
Lactose 1 2 0.15 0.16 0.18
Maltose 1 3 0.04 0.06 0.06
Cellobiose 2 1 0.14 0.14 0.17
Lactose 2 2 0.16 0.16 0.18
Maltose 2 3 0.10 0.10 0.10
Cellobiose 4 1 0.12 0.16 0.17
Lactose 2 2 0.12 0.12 0.18




chloride (25g, 0.131m) was dissolved in 200ml of benzene.
Hydrazine (9ml, 0.284m) was slowly added to this solution
with stirring. The solution was placed in an ice bath
where crystallization occurred. The compound was filtered
and dried in air. Recrystallization of the crude product
from water gave pure p-toluenesulfonylhydrazide.
Preparation of Disaccharide Tosylhydrazone
Derivatives.—A sample of the disaccharide (Ig, 0.003m) and
the tosylhydrazide (2g, 0.004m) were dissolved in 6ml of
water and 16ml of ethanol. This mixture was refluxed for
90 min, then poured into a flask and placed in the refrigera¬
tor for crystallization. After crystallization, the crystals
were filtered and recrystallized in distilled water.
Regeneration of Free Disaccharide.--Procedure A.--
Benzaldehyde (0.06g, 0.006m) was placed in a flask with
disaccharide tosylhydrazone (Ig, 0.002m) and 3ml of water
and refluxed for 90 min. The solution was then filtered
while hot, with the free disaccharide in the filtrate. The
filtrate was then treated in one of two ways:
1. The filtrate was extracted with ether, and
evaporated with air to a small volume of




2. The filtrate was evaporated with air to a
syrup, and crystallization induced by the
addition of a small volume of ethanol and
chilling. The product gave a positive
Benedict test.
Procedure B.—p-Nitrobenzaldehyde (0.8g, 0.005m) was
placed in a flask with disaccharide (Ig, 0.002m) in 20ml
of 70% ethanol and refluxed for 90 min. The solution was
then cooled and the p-nitrobenazldehyde tosylhydrazone
crystals were allowed to precipitate and then filtered.
The solution was then treated as described for benzaldehyde
regeneration. After crystals were obtained, they were
dissolved in cold distilled water, filtered, evaporated to
a small volume and chilled until recrystallization occurred.
Additional crystals were obtained by a second evaporation
and cooling of the mother liquid. The product gave a
positive Benedict test.
Polarimetry.—The disaccharides were dissolved in
distilled water for polarimetric determinations using a
Zeiss Polarimeter. The polarimetry results are in Table 3.
Preparation of Column.—The column was prepared by using
silica gel grade 950 (60-200 mesh). A 1mm layer of sand
was poured over the glass frit, a 15 cm layer of silica
gel, and 0.2mm layer of sand were added to the top of the
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column. The column was then wet with the solvent. The
silica gel was not allowed to be drained free of solvent
to prevent the formation of channels in the column.
Separate 1.1 cm diameter columns were used for each
tosylhydrazone and mixture group. Solvent (8ml) was
poured on the column prior to use, and derivative
(50mg, 0.098mm) dissolved in 3ml of dioxane was used
for each disaccharide tosylhydrazone. Finally, 20ml of
solvent was passed through the column.
For column chromatography of the synthetic mixture
each derivative (15mg, 0.029mm) was dissolved in 3ml of
dioxane; 30ml of solvent was used for elution purposes.
Preweighed flasks were used to determine weights of
substances.
Thin Layer Chromatography of Tosyl Derivatives.—
The sheets used for thin layer chromatography were Eastman
fluorescent silica gel. Thirty mg (0.0059mm) of each
individual tosyl derivative were dissolved in 3ml of dioxane
and 3ml carbon tetrachloride separately. UMC was performed
on each solution in the solvent system. Samples of the
solution were placed 2 cm from the bottom of the sheet and
allowed to travel 15 cm up each sheet for ascension. The
solvent system used was benzene-petroleum ether (2:l)(v/v)
mixture.
Preparation of Benzaldehyde Tosylhydrazone.—
Benzaldehyde (5g, 0.25m) and tosylhydrazide (0.92g, 0.005m)
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were placed in a flask with 8ml of water and refluxed for
90 min followed by cooling. The crystals which formed
were filtered and dried in air. The melting point
corresponded to that of the precipitate, which was obtained
from the regenerated benazaldehyde derivative (see Table 1).
Preparation of p,-Nitrobenzaldehyde Tosylhydrazone. --
p-Nitrobenzaldehyde (5g, 0.003m) and tosylhydrazide
(0.8g, 0.004m) were placed in a flask with 9ml of ethanol
and refluxed for 90 min. The crystals were filtered from
the cooled solution and dried in air. The melting points
obtained for the crystals were identical to that recorded
for the p-nitrobenzaldehyde tosylhydrazone. The melting
points of p-nitrobenzaldehyde derivatives were recorded in
Table 1.
Thin Layer Chromatography for Regenerated Disaccharides.
Sheets used for thin layer chromatography were the same as
those used for the tosylhydrazone. Cellobiose and lactose
(0.3g, 0.009m) were dissolved in 3ml of distilled water
separately. Maltose (0.4g, 0.0012m) was added to 3ml of
distilled water. The UMC method was performed on the
regenerated disaccharides. Spots were placed 2cm from
the bottom of the sheet and traveled 14cm up each sheet.
The solvent system used was butanol-acetone-water (4-5-1)
(v/v) mixture.
CONCLUSION
The regeneration of the free disaccharide from the
tosylhydrazone derivative can be best achieved by using
benzaldehyde instead of ^-nitrobenzaldehyde as the
regenerating reagent. It produced less complications,
such as requiring an extra step in obtaining the free
regenerated disaccharide. Both procedures are applicable,
however.
In comparing the extracted regenerated crystals
versus the non-extracted regenerated crystals of the
regenerated disaccharides, there was little difference.
The regeneration procedures developed, and the
thin layer chromatography and column separation procedures
developed, allow for the separation and identification of
carbohydrate substances in synthetic and natural mixtures.
30
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